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Description

[0001] The invention relates to a pressure medium op-
erated starting system for piston engine in accordance
with the preamble of claim 1 and to method of starting a
multi cylinder piston engine according to preamble of
claim 6.

[0002] As known, large multicylinder piston engines
are started by supplying e.g. compressed air to the com-
bustion space of the particular cylinder that is at expan-
sion stroke, according to the position of the crankshaft
and thus also that of the piston of the engine. Firstly, the
problem in these systems is the synchronising of the tim-
ing of the engine’s gas exchange valves and the timing
of the starting gas supply as well as the consumption of
starting air related hereto. The aim is to keep the con-
sumption of starting air low, since the storage and pro-
duction equipment for compressed air takes a lot of
space, especially if air is required in large quantities. US
3587 228 A discloses an air starter valve control system.
A purpose of the invention is to provide a pressure me-
dium operated starting system for a multicylinder piston
engine, which system minimises the above-mentioned
problems related to prior art.

[0003] The objects of the invention are primarily
achieved as disclosed in the appended claims 1 and 4,
and more closely as explained in the other claims. Ac-
cording to the invention, the pressure medium operated
starting system for a multicylinder piston engine compris-
es a pressure medium source and a pipe system, which
connects the pressure medium source to each cylinder,
and a starting valve in conjunction with each cylinder for
controlling the admission of the pressure medium into
the cylinder and a control valve for controlling the oper-
ation of the starting valve, as well as timing equipment
for controlling the operation of control valves, which tim-
ing equipment comprises a control part in mechanical
connection with the rotating part of the engine. The timing
equipment comprises means for changing the opening
moment and/or opening period of the starting valve dur-
ing the start-up. This way the total consumption of the
pressure medium may be adjusted to according to the
need and thus reduced. The means for changing the
opening timing and/or opening period of the starting valve
during the start-up is capable of changing the introduction
of the pressure medium into the cylinders of the engine
in respect of the engine’s position.

[0004] According to the invention the control part com-
prises a guide surface at its outer circumference and a
plurality of control valves to control, by the effect of said
guide surface, the operation of the starting valves, the
operating mode of which control valves is dependent on
the local radius of the guide surface, and the control part
comprises at its outer circumference at least two guide
surfaces with shapes differing from one another, and fur-
ther, the mutual position of the control part and the control
valves in the direction of the axis of rotation may be cho-
sen between at least two positions at which the outer

10

15

20

25

30

35

40

45

50

55

circumference has different shapes.

[0005] The motion of the control part is enabled by
making it movable in the direction of its axis of rotation
by means of a power unit. It is also conceivable within
the scope of the inventive idea of this embodiment that
the control valves are made movable in the direction of
the axis of rotation of the control part.

[0006] In the method of starting a multicylinder piston
engine according to the invention at the initial stage of
the starting procedure the pressure mediumis introduced
in the cylinders of the engine during their expansion
stroke, based on the reference of the engine’s position
and after the engine is cranking at a limit speed the in-
troduction moment and/period is changed so that at least
the period of introduction of air is shortened. The limit
speed is preferably such that the engine will pass of so-
called dead areas in its cycle. This way the opening pe-
riod of the starting valve may be minimised at speed
above the limit speed, which also minimises the con-
sumption of the pressure medium.

[0007] In the following, the invention is explained in
more detail, by way of example, with reference to the
appended schematic drawings, in which

Fig. 1 depicts schematically a compressed air con-
nection for the starting arrangement,

Fig. 2 depicts schematically an engine and a control
part for the starting system,

Fig. 3 depicts in more detail a cross-section of the
control part according to Fig. 2, and

Fig. 4 depicts schematically another control part for
the starting system.

[0008] Fig. 1 shows schematically a starting arrange-
ment 1 for an engine. For the start-up it is advantageous
to use compressed air. The source 2 of compressed air
may be a compressed air network or a compressor (not
shown in the figure). Compressed air is led to the cylin-
ders 3 of the engine via a pipe system 4 through a master
starting valve 5 and further to each cylinder 3 through a
flame arrester 6. The supply of compressed air is con-
trolled by a starting valve 7 in conjunction with each cyl-
inder, the operation of which valve is controlled by timing
equipment using control air.

[0009] The master starting valve 5 of the system is
pneumatically controlled by so-called control air. Control
airis received from compressed air storage 8 via an elec-
trically controlled solenoid valve 9. The distribution of
compressed airto the cylinders is performed by the timing
equipment 10, which controls the valves 7 pneumatically.
Compressed air is also led to the timing equipment 10
through a pipe 13. By means of the timing equipment
compressed air is supplied to the specific starting valve
7, the opening of which is required in that particular case.
The operation is thus synchronised with the work cycle



3 EP 1 899 599 B1 4

of the engine by means of the timing equipment. From
the timing equipment 10 a duct or pipe 12 leads to each
starting valve 7, respectively. The pipe system 4 is also
provided with a blocking valve 11 for ensuring that the
engine cannot be started if, for instance, the engine gear
is on. The timing equipment may be coupled mechani-
cally e.g. with the rotating part 15 of the engine, such as
the camshaft, whereby it is in direct connection with the
rotating part of the engine thereby enabling a timely sup-
ply of compressed air to each cylinder.

[0010] In the embodiment shown in Figs. 2 and 3 the
timing equipment 10 comprises a control part, which is
provided with a guide surface located at its outer circum-
ference. In the timing equipment according to this em-
bodiment the control part is mostly a cylindrical piece,
such as a shaft or a part thereof, and its outer circumfer-
ence is provided with areas differing from the base circle
of the cross-section, e.g. with recesses or protrusions.
By the base circle is here meant a form of the cross-
section, which correlates with the primary form of the
outer surface. There is a plurality of control valves 10.4
in conjunction with the control part, which valves are con-
trolled by the form of the guide surface, while the control
part is in rotation. The guide surface comprises, in the
direction of its longitudinal axis, at least two separate
guiding areas 10.1, 10.2, the forms, i.e. profiles, of which
differ from one another. This is shown more specifically
in Fig. 2. The control part is here made movable in the
direction of its axis of rotation, which is shown by an ar-
row. Consequently, it is possible to control the starting
process of the engine during the process so that it has
two different operating modes. The first operating mode
during the initial stage of the starting procedure is such
thatitis possible to make the engine rotate in any position.
Then the shape of the guide surface to be used is such
that the control valve stays open for a relatively long time.
The initial rotation of the engine requires a relatively long
opening range for the valves 7 in order to make the start-
up possible in any position of the engine. This depends
naturally on the timing of the engine’s gas exchange
valves. After the engine is made, by the effect of the first
operating mode, to rotate at a sufficiently high speed en-
abling the passing of so-called dead areas, if any, without
stopping the engine, it is possible to move over to the
second operating mode and start using the second guid-
ingarea 10.2. This speed is called here as the limit speed.
This is accomplished by a power unit 14. By means of
the power unit the position of the control part may be
moved in the direction of the axis of rotation. In the second
operating mode the opening time of the control valve is
shorter and the opening moment may be different, pref-
erably earlier, from that of the first operating mode so
that the rotational speed of the engine may be increased
without increasing the consumption of starting air.
[0011] Fig. 3 shows schematically a cross-section of
the control part and the control valves. In this case the
control valve 7 opens, when its spindle 7.1 moves, de-
termined by the guide surface, towards the axis of rotation
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of the control part and opens through itself a gas flow
path between the pipes 12 and 13.

[0012] Fig. 4 depicts another embodiment of the timing
equipment 10 for the control valves. This one is also in
mechanical connection with the camshaft 15 of the en-
gine or makes an extension thereof. The timing equip-
ment according to this embodiment comprises a body
part 41 and a cover part 42 as well as a gas space 43
between these two. A pipe 13 is arranged so that it opens
to the gas space for supplying air for the control equip-
ment. The equipment comprises a disc 44 connected to
the rotation of the engine and provided with radially dis-
tributed (not shown) holes 45. The body part 41 is pro-
vided with ducts 46, through which the pipe 13 may be
in flow connection with pipes 12 and thus with the starting
valve 7 of each cylinder. It is primarily the holes 45 in the
disc that determine when and for how long air will pass
from the gas space 43 through the duct 46 further to the
starting valve 7. The timing equipment comprises further
an intermediate plate 47 in conjunction and parallel with
the disc 44, which plate is also rotatable relative to the
axis of rotation of the disc 44. Also the intermediate plate
is provided with holes 48 approximately at the same dis-
tance from the axis of rotation as the holes 45 in the disc
44. In conjunction with the intermediate plate there are
also members 49, 50 for the rotation thereof, which mem-
bers in this case comprise a threaded rod with actuator
49, and a thread 50 at the outer circumference of the
intermediate plate. In practise, the rotation of the inter-
mediate plate is accomplished by rotating it suitably so
that its holes take a desired position with respect to the
ducts 46 of the body part. An airflow connection between
the pipes 12 and 13 to the starting valve is established,
when the ducts of the disc 44 and the intermediate plate
47 and the body part coincide. The combined effects of
the disc 44 and the intermediate plate 47 provide the
control valve according to this embodiment. By changing
the position of the holes in the intermediate plate with
respect to the ducts 46 it is possible to affect the timing
of the start of the control air supply. The control of the
timing of the starting air supply according to the solution
of this embodiment also corresponds to the operation
shown in conjunction with Figs. 2 and 3. The shape of
the holes in the intermediate plate may differ from a circle
and be for instance a radially elongated hole. Moreover,
two separate intermediate plates may be used in addition
to one in order to improve adjustability.

[0013] The invention is not limited to the shown em-
bodiments, but several variations are conceivable within
the scope of the appended claims.

Claims

1. A pressure medium operated starting system (1) for
a multicylinder piston engine comprising a pressure
medium source (2) and a pipe system (4), which con-
nects the pressure medium source to each cylinder
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(3), and a starting valve (7) in conjunction with each
cylinder for controlling the admission of the pressure
medium into the cylinder and a control valve for con-
trolling the operation of the starting valve, as well as
timing equipment (10) for controlling the operation
of control valves, which timing equipment comprises
a control part in mechanical connection with a rotat-
ing part (15) of the engine and means (10.1, 10.2,
14; 47, 49) for changing the opening moment and/or
opening period of the starting valve during the start-
up, characterised in that the control part comprises
a guide surface (10.1, 10.2) at its outer circumfer-
ence and a plurality of control valves (10.4) to control,
by the effect of said guide surface, the operation of
the starting valves (7), the operating mode of which
control valves is dependent on the local radius of the
guide surface, and that the control part comprises at
its outer circumference at least two guide surfaces
(10.1, 10.2) with shapes differing from one another,
and that the mutual position of the control part and
the control valves in the direction of the axis of rota-
tion may be chosen between at least two positions.

A starting system (1) according to claim 1, charac-
terised in that the control part is made movable in
the direction of its axis of rotation by means of a
power unit (14).

A starting system (1) according to claim 1, charac-
terised in that the control valves (10.4) are made
movable in the direction of the axis of rotation of the
control part.

Method of starting a multicylinder piston engine in
which at the initial stage of the starting procedure
the pressure medium (2) is introduced in the cylin-
ders (3) of the engine during their expansion stroke,
based on the reference of the engine’s position,
characterised in that after the engine is cranking
at a limit speed the introduction moment and/or pe-
riod is changed so that at least the period of intro-
duction of air is shortened.

Patentanspriiche

1.

Druckmittelbetatigte Anlassanlage (1) fir einen
Mehrzylinderkolbenmotor, die eine Druckmittelquel-
le (2) und ein Leitungssystem (4), das die Druckmit-
telquelle mit jedem Zylinder (3) verbindet, und ein
Starventil (7) in Verbindung mit jedem der Zylinder
zum Steuern des Zufiihrens des Druckmittels in den
Zylinder und ein Steuerventil zum Steuern des Be-
triebs des Startventils, als auch ein Zeitmessgerat
(10) zum Steuern des Betriebs des Steuerventils auf-
weist, wobei das Zeitmessgerat einen Steuerteil in
mechanischer Verbindung mit einem Rotationsteil
(15) des Motors und Mittel (10.1, 10.2, 14; 47,49)
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zum Andern des Offnungszeitpunkts und/oder der
Offnungsdauer des Startventils wahrend des Anlas-
sens aufweist, dadurch gekennzeichnet, dass der
Steuerteil eine Leitflache (10.1, 10.2) an seinem Au-
Renumfang und eine Vielzahl an Steuerventilen
(10.4) aufweist, um durch die Wirkung der Leitflache
den Betrieb der Startventile (7), den Betriebsmodus,
bei dem die Steuerventile von dem lokalen Radius
der Leitflache abhangig sind, zu steuern, und dass
der Steuerteil an seinem AuRenumfang mindestens
zwei Leitflachen (10.1, 10.2) aufweist, die sich in ih-
rer Form voneinander unterscheiden, und dass die
gegenseitige Position des Steuerteils und der Steu-
erventile in der Richtung der Drehachse zwischen
zwei Position ausgewahlt werden kann.

Anlassanlage (1) nach Anspruch 1, dadurch ge-
kennzeichnet, dass der Steuerteil in Richtung sei-
ner Drehachse mittels einer Leistungseinheit (14)
beweglich gestaltet ist.

Anlassanlage (1) nach Anspruch 1, dadurch ge-
kennzeichnet, dass die Steuerventile (10.4) in
Richtung der Drehachse des Steuerteils beweglich
gestaltet sind.

Verfahren zum Anlassen eines Mehrzylinderkolben-
motors, bei dem in der Anfangsphase des Anlass-
vorgangs das Druckmittel (2) den Zylindern (3) des
Motors wahrend eines Expansionstaktes zugefiihrt
wird, basierend auf der Referenz der Motorposition,
dadurch gekennzeichnet, dass bei Drehen des
Motors mit einer Grenzdrehzahl der Zufiihrzeitpunkt
und/oder die Zuflihrdauer derart geéndert wird, dass
die Zufuhrdauer von Luft verkirzt wird.

Revendications

Systeme de démarrage actionné par agent de pres-
sion (1) pour moteur a piston a cylindres multiples,
comprenant une source d’agent de pression (2) et
un systéeme de conduites (4) qui connecte la source
de moyen de pression a chaque cylindre (3), et une
vanne de démarrage (7) en conjonction avec chaque
cylindre pour contréler 'admission de l'agent de
pression dans le cylindre et une vanne de comman-
de pour contréler le fonctionnement de la vanne de
démarrage, de méme qu’un équipement de tempo-
risation (10) pour controler le fonctionnement des
vannes de commande, lequel équipement de tem-
porisation comprend une piéce de commande en
connexion mécanique avec une piece rotative (15)
du moteur et un moyen (10.1, 10.2, 14; 47, 49) de
changement du moment d’ouverture et/ou de la pé-
riode d’ouverture de la vanne de démarrage pendant
le démarrage, caractérisé en ce que la piece de
commande comprend une surface de guidage (10.1,
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10.2) au niveau de sa circonférence extérieure et
une pluralité de vannes de commande (10.4) pour
contréler, par I'effet de ladite surface de guidage, le
fonctionnement des vannes de démarrage (7), le
mode de fonctionnement desquelles vannes de 5
commande dépendant du rayon local de la surface

de guidage, et que la piece de commande comprend

au niveau de sa conférence extérieure au moins
deux surfaces de guidage (10.1, 10.2) dont les for-
mes different 'une de 'autre, et que la position mu- 70
tuelle de la piece de commande et des vannes de
commande dans le sens de I'axe de rotation peut
étre choisie entre au moins deux positions.

Systeme de démarrage (1) selon la revendication 1, 75
caractérisé en ce que la piéce de commande est
rendue mobile dans le sens de son axe de rotation

au moyen d’une unité électrique (14).

Systeme de démarrage (1) selon la revendication 1, 20
caractérisé en ce que les vannes de commande
(10.4) sont rendues mobiles dans le sens de I'axe

de rotation de la piece de commande.

Procédé de démarrage d’'un moteur a piston a cylin- 25
dres multiples, dans lequel, au stade initial de la pro-
cédure de démarrage, I'agent de pression (2) est
introduit dans les cylindres (3) du moteur pendant
leurs courses d’expansion en se basant sur la réfe-
rence de la position du moteur, caractérisé en ce 30
que, apres le démarrage du moteur a une vitesse
limite, le moment et/ou la période d’introduction est
modifié de maniére a ce qu’au moins la période d’in-
troduction d’air soit raccourcie.
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